This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



GARCIA-LADONA et al., Serial No. 09/869,814 

COMPLETE LISTING OF ALL CLAIMS IN THE APPLICATION 

1-28 (canceled) 

29. (previously presented) A method for treating migrainous cerebrovascular disorders 

which comprises administering to a subject in need thereof an effective amount 
of at least one binding partner for a 5-HT5-receptor whose binding affinity for the 
5_HT5-receptor is at least 10 times greater than its binding affinity for a 5-HT1D- 
receptor. 

30. (previously presented) The method as claimed in claim 29, where the binding 

affinity of the binding partner for a 5-HT5-receptor is at least 20 times greater 
than its binding affinity for a 5-HT1D-receptor. 

31. (previously presented) The method as claimed in claim 29, where the binding 

affinity of the binding partner for a 5-HT5-receptor is at least 50 times greater 
than its binding affinity for a 5-HT1D-receptor. 

32. (previously presented) The method as claimed in claim 29, where the K f value for 

binding of the binding partner to the 5-HT5-receptor is less than 10~ 8 M. 

33. (canceled) 

34. (previously presented) The method as claimed in claim 29, wherein the migrainous 

cerebrovascular disorder is migraine. 

35. (previously presented) The method as claimed in claim 34, wherein the binding 

partner is administered when acute symptoms of migraine occur. 

36. (previously presented) The method as claimed in claim 34, wherein the migraine is 



GARCIA-LADONA et a!., Serial No. 09/869,814 

a disorder selected from the group consisting of associated migraine, migraine 
equivalents, digestive migraine, ophthalmic migraine, ophthalmoplegic migraine, 
migraine rouge, cluster headache and cervical migraine. 

37. (new) The method as claimed in claim 34, wherein the binding partner is active in at 

least one animal model for migraine. 

38. (new) The method as claimed in claim 37, wherein the animal model is selected 

from the group consisting of models which are based on protein extravasation 
induced by stimulation of trigeminal ganglia, distribution of the carotide blood 
flow, nitroglycerin-induced c-fos gene expression and translocation, retinal 
spreading depression, or cortical spreading depression. 
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Self-sustained spreading depressions in the chicken retina and 
short-term neuronal-glial interactions within the gray matter neuropil 
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The chicken retina is an accessible piece of intact gray matter in which a sclf-suaa.ned form of the Spreading D~on ( S D) waw : can be 
easily elicited and recorded for rr»W hoars with double barrel ion-sewilive electrodes in the extracellular space The ^blockade of glml (Mui ler) 
cel. ot^iurn channels with barium 'chloride added to the pcrfosin* Rm,er depressed both 

veludry of spread. Moreover, .here was separation of the extracellular increase of po^ssmm ,nd the drop m ^^^.^^^^ 
of the potassium wave was increased, as well as its duration whereas the potential wave could be depressed to zero or even inverted to positive, 
oi wic potassium wave was in«e*«u, vi cunaniled from the extracellular potential wave but appeared related to it: no 

By contra the trans.em exirnocllular calcium d o P ~^ u ^^^^^ d 0f in verYed. Bath, the amplitude of the extracellular 
transient calcium drop *as observed when the negative potential was compicieiy gcpr««u w ,, 
potential and extracellular calcium activity apxartd to be important factors controlling the vdocty of spread. 



INTRODUCTION 

Spreading depression of electroencephalographic 
activity 16 , is a wave like phenomenon that can be 
elicited in different parts of gray matter among which 
the vertebrate retina 13 , In this tissue, marked optical 
changes are concomitant with the massive increase in 
the extracellular potassium concentration and slow 
negative shift typical of SDs. One of the advantages of 
the retinal preparation is the direct observation of the 
wo dimensional spread. AnoTher advantage is the lam- 
inar structure with well defined neuropils and cell body 
layers. In the avascular chicken retina, the inner plcxi- 
form layer is especially large (100 width), It con- 
sists of only one type of glial cells, the Miiller cells, and 
synaptic terminals. The glial processes surround the 
synaptic terminals and fill most of the neuropil space, 
The end-fcet of the same Miiller cells form the inner 
limiting menbranc, which separates the extracellular 
space of nervous tissue from the vitreous humour. 
Ttow t in this preparation, one can have access to a 
simplified neuropil with only synaptic terminals and 



one type of glia. This laminar structure with well 
separated cell bodies and neuropils gives rise to sharp 
field potentials when massive population responses are 
elicited either by a flash of light (clcctrorctinogram) or 
during the spreading depression wave 9 - 20 ' 2L2<2fi , As is 
the case in the hippocampus, one can easily position an 
electrode by following the field profile. 

Intense neural activation promotes release of potas- 
sium to the extracellular space. The role of glia in the 
potassium clearance and generation of field potentials 
in the retina has been the subject of studies for two 
decades 21 ; tfor reviews see refs. 10 and 26). Neural 
activation, either light evoked or during SDs, increases 
extracellular potassium in the two plcxiform layers of 
the retina and lead lo influx of potassium into Miiller 
cells 23,24,25 . Very recently, we were able to record chan- 
nel activities in presumably ganglion cell layer cell 
bodies and glia end feet membranes during SDs in 
intact retinas 14 . Both neural and glial potassium chan- 
nels increased activity during wave passage. The dura- 
tion of increased activity in glial channels was coinci- 
dent with the slow negative shift. We hypothesized, 



^ . w . , fiim |nstilu t fur Zoophysiologie / 230, Garble M. W-7000 Sluitsan 10 
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therefore, that during SD massive neuronal activation 
in the neuropil challenges the glial homcostatic mecha- 
nisms and this interaction in turn must give rise to the 
negative potential shift and spreading phenomenon^ 

To test that, barium was applied. Barium is a well 
known blocker of glial K-channels (v.g. refs. 2 and 6) 
and in this paper we relate the results of a series of 
experiments in wich a form of self-sustained SDs, the 
circling preparation* 1 , was utilized to test the effect of 
glial channel blockade on the negative shift and extra- 
cellular potassium dynamics. 

MATERIALS AND METHODS 

Chickens from an age of 15 to 35 days wctc lulled by decsphation 
and the eye cups dissected from (he xkutl immediately. The anterior 
chamber was cut off at ihe equator and the humour vitreous re- 
moved. The posterior chamber va$ then immersed in a Ringer 
solution containing: 100 mM NaCt; 6 mM KQ\ I mM M$S0 4 : 1 mM 
Caa 2 : I mM NaH a P0 4 : 30 mM NaH 2 CO» and 30 mM glucose. 
The solution was bubbled with a muture of 95% 0 2 and 5% CO; lo 
a final pH of 7,4. A circular cut wu performed in Order to create a 
rins of continuous tissue and the eye cup placed in a perfused 
chamber with 5 m! internal volume, maintained at constant tempera- 
lure of 30 3 C. "Hie chamber was perfused continouity with a flo* 
velocity of 1.5 ml/min (see Pig. 1 oj wf. 20 for more details). One 
SD was elicited mechanically wing a fine tungsten needle (100 
diameter) close to the narrowest par: of the ring and two wave fronts 
were obtained. One of these was slopped using a Ringer solution 
with 10 mM MgSC 4 Spread over the retina with a glass needle and 
the remaining wavefront was 'napped' within the ring* 

Single or double micropipprtes {2-3 tim tip diameter) were used 
for recording of the slow potential shift and extracellular ion activi- 
ties during the experiments. Details about the micToelecuodts con* 
struciion and calibrations have been published 130 . Potassium ociwiw 
wss measured with the Flula 1 B 60358 ionophore an d the calcium 
activity with the Fluka J B 21191 ionophore. Electrode calibrations 
were -performed at Die begining and at the end of the experiments in 
the following way after the usual calibration proceeding ^ elec- 
trodes with responses close the expected Nerstian slopes were posi- 



tioned at the center of the chamber and calibrated again with the 
slow rale of change used in the experiments . The slopes were in all 
cases smaller than the previous ones and these slopes were the ooes 
used lo estimate the tonic activity. For (he electrophysiological 
recordings a high impedance dual differential electrometer was used 
(WPl.lnc. FD 223X both channels were continously recorded on a 
Gould 2200 S pen recorder and on a dual beam oscilloscope. The 
bathing solution in the measuring chamber was grounded (with a n 
Ag/AgCI wire electrode). The optical signal and the general trans- 
parency of the retina were observed with naked eye. 



RESULTS 

Fig. 3 shows the typical periodic recording of cir- 
cling SDs registered with double barreled DC- and 
ion-sensitive electrode within the neuropil. At 30°C 
and with an outer ring of intact retinal tissue of 15 mm 
length, the repetitive waves arc separated by a period 
of about 5 min (velocity 3 mm/min) and the negative 
stow potential shift (NSPS) is typically around 10 mV, 

Switching the perfusion solution to a Ringer in 
which 2 or 4 mM barium chloride was added, affected 
several parameters in the experiments in a consistent 
manner (n - 7 retinas and 15 barium pulses). First, 
there was considerable slowing down of the velocity of 
SDs. Second, there was reduction of the amplitude of 
the NSPS (Fig. I). In this and all other figures, the 
begining of the bar that indicates the pulse of barium 
Ringer, is set at 4 min after the actual switch and 
indicates the time when the ion-sensitive channel posi- 
tioned at the center of the chamber reached a plateau 
phase during the calibration procedure. The effect of 
barium outlasted the pulse in all experiments. Partial 
recovery of the amplitude was always present. The 
recovery of amplitude was usually complete after 40 
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miu. In about the same Time, the propagation velocity 
recovered either partially or completely. In three out of 
five trials with 4 mM barium, the NSPS was inverted 
from negative to positive. These positive SDs had a low 
amplitude (2-2.5 mV) and were slow compared with 
the sudden onset of the negative shifts (Fig. 3). In two 
of these trials the propagation velocity decreased 5-fold 
and in the three others, the circling of SD stopped 
altoghether although the retina remained susceptible 
to mechanical stimulation. 

The extracellular potassium dynamics both during 
waves and in the interval between successive waves was 
also markedly affected. The peak value of potassium 
increased (from 27 to 41 mEQ and from 25 to 32 mEq, 
respectively in parrs B and D of the experiment shown 
in Fig. IX the rate of recovery of the potassium wave 
was slowed down and the 'undershoot' phase was ac- 
centuated. The baseline potassium levels fell from 6 to 
4 mEq and was maintained low for several minutes 
after washing out of barium. This fall in baseline 
potassium level was accompanied by a small positive 
shift of the potential record baseline. 

The extracellular calcium activity during SD dropped 
by as much as two log units (Fig. 4) with a complex 
time course of recovery with rapid and slow phases (see 
Figs. 2 and 4). Upon barium application, the calcium 
signal was affected in a fashion similar to the NSPS: 
the stronger the depression in amplitude of the NSPS, 
the smaller the drop in calcium and the slower the 
recovery. But this relationship was by no means linear. 

In summary: Barium depressed the amplitude of the 
NSPS. The potassium wave could be dissociated from 
the field potential wave. The calcium drop, by contrast, 
could not be separated from the NSPS. 



In the course of the experiments we observed 47 
Spontaneous* SDs in which the SD clearly could be 
identified optically, but the field potential was positive: 
15 were recorded toghethcr with potassium and 32 
together with calcium electrodes (Fig. 5). The potas- 
sium signal in these waves had the slow recovery time 
course observed in the barium experiments and in all 
the waves recorded with calcium electrodes, no tran- 
sient drop in calcium was seen. The calcium signal was 
also slow in onset, small in amplitude and recovered 
within 3 to 4 min. These instances of 'spontaneous' 
positive SDs were in line with the observation that the 
initial fast drop of the calcium signal was related to the 
fast phase of the negative potential drop. This suggests 
that the effect of barium on the propagation velocity 
could be caused primarily by calcium dependend mech- 
anisms. In order to clarify the relationship between 
extracellular calcium, Cast calcium drop and velocity of 
SD, we lowered the calcium concentration in the Ringer 
from 1 to 0.1 mM. In all of these experiments, the 
velocity of SDs was slowed down (n = 6 retinas, 7 
pulses). In some cases the amplitude of the NSPS at 
first increased and then decreased during the low cal- 
cium pulse (Fig. 2). The extracellular calcium activity 
subsequent to the change in concentration in the per- 
fusion Ringer occurred very slowly in contrast with the 
well known fast equilibrium with potassium pulses. It 
can take as long as 5 min after changing the bath 
solution for the extracellular calcium activity within the 
neuropil to begin to fall. It takes a further 10 lo 15 min 
to decrease very slowly to a level of 0.5 to 0.6 mM. 
Restoration of the normal calcium activity superfusion 
with normal Ringer required 4 to 16 min (n » 6 pulses). 
Substituting sodium chloride in the Ringer by choline 
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• w i ^nuMe hsrreJ electrodes. Upper row extracellular potential signal, lower row extracellular 
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Note the fast drop and the apparent two component T .\* d . 0i x and 2 m ; n lfU j the circling stopped. The negate potential increased 
equilibrated at the chamber. The interval be ween waves |"™™V ' baseline calcium activity hardly changed in the first 5 min after lowering 
from 13 te 15 mV and then decreased to 10 mV in the '™ ^ ^ derated wh«n choline chloride Ringer also *ith 0-1 mM calcium 
perfusing calcium and then began a very slow ^crease- i ru ^ wa$ fiboul 0 7 fflEq/I ro ; n 0 f perfusion, about 0.5 roEq/l jusl 

was equilibrated in the chamber (second antr*X The aascim ^ mM exlracc i| u lar crtcturn level was fast upon reininxJuciion of both 
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1 min 

Fij. 3. Inversion of Held potential with barium pulses. All four Waves 
shown in the figure belong to the ssme experiment. 1 and 3 are 
controls and 2 and 4 were recorded during perfusion with barium 
chloride (a mM). Waves 1 and I were recorded during cutting and 3 
and 4 were mechanically dieted. Time interval between the end of 
the first pulse (during wich wave 2 was recorded) and the recording 
of wave 3 (recorded just before the second pulse) was 1 h 
and 20 min. 

chloride brought the extracellular calcium activity to 
0.2 mM (2 experiments 3 pulses) with 10 to 15 min 
pulses. 



.1 



In summaiy: when the NSPS was depressed or in- 
verted to positive, the fast transient drop of calcium 
was not present although SD was optically visible. 
Extracellular calcium activity is an important factor 
controlling propagation velocity. Reducing extracellu- 
lar sodium impaired control mechanisms of calcium 
homeostasis. 

DISCUSSION 

Barium pulses blocked the fast rising negative extra- 
cellular potential typical of SDs. By contrast, the in- 
crease in the extracellular potassium concentration was 
not blocked. Barium is a well known blocker of glia 
potassium channels 2 - 6 . Three conclusions are in agree- 
ment with these findings: 
first, the best candidates for the source of the extra- 
cellular potassium are the synaptic terminals (be- 
sides the glial membrane there is nothing else in this 
neuropil); 

second, the negative potential shift is due to channel 

activity in the glia menbrane; 

third, the density of these channels must be high as 

indicated by the sue of the extracellular potential 

drop, caused by the resultant sink of extracellular 

current. 

Barium pulses also affected the baseline potassium 
level between successive circling waves. A similar drop 
in the baseline extracellular potassium was seen in the 
cortex 6 In our records this baseline fall in potassium 
was accompanied by a small positive shift of the base- 
line potential. The simplest interpretation of these 
results is to attribute both changes to the Na/K AT- 
Pase that it is present the terminals as well as in glia 
neuropil rnenbranes. Given that most of the menbrane 
within the neuropil is glial 10 ; the Miiller cell Na/K 
ATPasc is accelerated by increases in the extracellular 
potassium levels and its activity can continue even in 

IJmV . 



[Ca++] mEq/l 



t5mV 



*— 1 min 



(Ca++J mEq/l •.[ 




Rg. 4. Example of barium experiment with recording of , 

row extracellular potential and lowt row e*tra3 . - L 

Dart of the figure shows the second hlrT , . ^ actlV,ty ' B: fcwtln of th, T lhe bC * inin B rf lhe «P«^ cnt - 

1351 "** m m B was mechanically elicited. 
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low Na or Na-free solutions 1 ** 9 ; glial pump activity is 
higher in glia than in neuronal menbranes^, thus it 
follows that the effects seen arc very likely to be glial 
effects. 

If we put toghetcr these results with the results of a 
parallel series of 'patch-damping 1 experiments in the 
intact retina as well as in patchs from acutely isolated 
Miiller cells '\ the interplay between neurons and glia 
pumps and channels during SDs appears as follows: a 
massive release of potassium from terminals transiently 
overcomes the pump uptake. The glial membrane po- 
tential that just before the wave was in the potassium 
equilibrium potential, deviates from it and electro- 
chemical gradient pushes potassium into glia, giving 
rise to the extracellular negative potential drop, and in 
a few seconds the glia will be again in equilibrium. The 
pump uptake brings it away from electrochemical equi- 
librium potential and then potassium will leave glia 



through the channels. We have found that the open 
state probability of Muller cell potassium channels is 
very high for the entire range of physiological poten- 
tials w . Thus, not only during waves but in the period 
between successive waves as soon as potassium enters 
glia trough active transport, there is a tendency to 
leave it through the high conductance of the channels. 
Potassium will only enter glia through channels in the 
situations when the glia uptake is overcome. 

This model predicts that non-specific blockers of 
potassium channels that would affect the synaptic ter- 
minals membrane as well, will depress the amplitude of 
both the potassium and potential wave. It also predicts 
that in the presence of the Na/K ATPase blocker 
ouabain, the rise in the extracellular potassium must be 
very fast and that very high concentrations of potas- 
sium will be reached in the extracellular space. 

Spatial transfer of considerable amount of potas- 
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sium has been proposed to play a key role in propagat- 
ing activity 11,12 . Our results are not compatible with 
this concept. 

The general technique of applying current through 
the tissue, measuring the potential drop and calculat- 
ing current 11 ' 12 was applied to the retina 15 . Potassium 
in the vitreous was confined to a distance of 200 fim in 
these experiments. When approaching the retina from 
the vitreous surface in a circling wave experiment, one 
begins to measure a potassium signal when the elec- 
trode is within 200 jam range. At a distance around 50 
Aim the potassium wave in the vitreous do not outlast 
the undershoot of subsequent waves recorded within 
the neuropil. Again it appears that as soon as potas- 
sium leaves glia channels it is pumped back by (he 
accelerated Na/K ATPase that is present in the same 
menbrane. The potassium signal in the vitreous above 
the inner limiting menbrane was blocked by barium in 
these experiments 15 . 

Barium depressed the fast transient calcium drop in 
the extracellular space that accompanies SDs. In reti- 
nas in which the field potential was inverted from 
negative to positive, there was no fast calcium transient 
in the neuropil. We propose that the fast component of 
the calcium signal is the consequence of the opening of 
voltage-sensitive cation channels in the glia menbrane 
within the neuropil. Again in the simplified situations 
of the chicken inneT plexiform layer, only two types of 
membrane are present and if the depolarization of glia 
is one necessary condition for the calcium signal, then 
it follows that this macroscopic signal is very likely also 
glial in origin. Given that: 

(a) voltage sensitive cation channels are present in 
glia menbrane 3 ; 

(b) depolarization of glia syncytium in culture by 
glutamate produces calcium waves 7 ; 

(c) in the presence of barium, glial cells hyperpolar- 
ize and accumulate bicarbonate 26 - 31 and thus in this 
situation voltage-sensitive channels would remain 
closed, the proposed interpretation of the present ex- 
periments is again the simplest. The recovery of the 
extracellular baseline level also appeared to be related 
to the fast transient: the calcium signal with a small or 
absent fast phase was very slow in recovering (Fig. 5). 
It is known that among the several transport mccha^ 
nisms involved in calcium extrusion and uptake, some 
are triggered by the rising of calcium itself. The elec- 
trogenic 3Na/lCa antiport that depends on sodium 
gradient and can be reversed is of the type triggered by 
calcium transients". We have observed that the fall in 
the baseline extracellular calcium level was accentu- 
ated if the sodium gradient was lowered in the perfu- 
sion solution. 



The experiments with manipulations of calcium and 
sodium concentrations in the perfusion solution, extra- 
cellular ion-sensiiive recordings in the neuropil, and 
short-term disturbances in the baseline potassium with 
barium perfusion, suggest that this 'in vitro 1 system is 
specially suitable for the study of the role of glial 
barriers in the maintenance of the microenviroment. 
As a matter of fact, the inner limiting menbrane formed 
by the end-feet of the Muller cells that faces the 
vitreous surface is very similar to the strucuture found 
in the pure glial blood-brain barrier of invertebrates 1 . 

In summary our results clearly show that the field 
potential and extracellular potassium signals of the SD 
wave can be separated. Their close association has 
been frequently reported 4 - 516 * 17,31 and Tomita 32 showed 
that in the retina extracellular potential and glial intra- 
cellular potassium signals were 'mirror images' of each 
other. The same was shown in the turtle cerebellum 27 . 
The present experiments establish the synaptic termi- 
nals as the origin of the potassium and the glial men- 
branc potassium channels as the origin of the field 
potential. This neuronal-glial interaction model for 
the SD predicts the behaviour of some macrospic vari- 
ables that can be verified experimentally. 
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